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(57) ABSTRACT

There 1s provided a switching circuit including, a semicon-
ductor switching circuit comprising, a transistor, a first elec-
trode of the transistor being connected to an electrical source
via a load, a second electrode of the transistor being con-
nected to a standard potential, a driving circuit outputting a
signal to a control electrode of the transistor on a basis of a
potential 1n the first electrode of the transistor so as to turn on
and off the transistor, the driving circuit turning on when an
input voltage applied from an nput terminal being a first
voltage higher than a threshold voltage of the transistor, the
driving circuit turning off when the input voltage being a

second voltage lower than the threshold voltage of the tran-
s1stor.

17 Claims, 8 Drawing Sheets
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SEMICONDUCTOR SWITCHING CIRCUI'T
WITH HYSTERESIS

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority from the prior Japanese Application No. 2007-56406,
filed Mar. 6, 2007/, the entire contents of which are 1mcorpo-
rated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a semiconductor switching,
circuit and a semiconductor integrated-device including the
semiconductor switching circuit.

DESCRIPTION OF THE BACKGROUND

A driving circuit having a function of precisely turning on
and off a MOS transistor 1n a ground potential difference has
been well known and 1s disclosed, for example, in Japanese
Patent Publication (Koka1) No. H10-22803.

The driving circuit disclosed 1n Japanese Patent Publica-
tion (Kokai) No. H10-22803 1s constituted with an npn-tran-
sistor and a resistor. The driving circuit turns on and oif the
MOS transistor corresponding to a voltage of an mput termi-
nal grounded and opened by a switching element located 1n a
control circuit side.

The voltage of the input terminal for turning on the MOS
transistor 1s set on high by changing a resistance. Accord-
ingly, the MOS transistor 1s precisely turned even when the
ground potential in the control circuit side becomes higher
than ground potential in the driving circuit side.

However, the driving circuit disclosed in Japanese Patent
Publication (Kokai) No. H10-22803 merely has the same
input voltage at both turning on and turning oif of the MOS
transistor and fails to disclose hysteresis characteristics.

SUMMARY OF INVENTION

According to an aspect of the invention, there 1s provided a
switching circuit including, a semiconductor switching cir-
cuit comprising, a transistor, a first electrode of the transistor
being connected to an electrical source via a load, a second
clectrode of the transistor being connected to a standard
potential, and a driving circuit outputting a signal to a control
clectrode of the transistor on a basis of a potential 1n the first
clectrode of the transistor so as to turn on and off the transis-
tor, the driving circuit turning on when an input voltage
applied from an nput terminal 1s a first voltage higher than a
threshold voltage of the transistor, the driving circuit turning
off when the input voltage 1s a second voltage lower than the
threshold voltage of the transistor.

Further, according to another aspect of the invention, there
1s provided a switching circuit including, a semiconductor
switching circuit comprising, a transistor, a first electrode of
the transistor being connected to a standard potential via a
load, a second electrode of the transistor being connected to
an electrical source, and a driving circuit outputting a signal to
a control electrode of the transistor on a basis of a potential 1n
the first electrode of the transistor so as to turn on and oif the
transistor, the driving circuit turning oil when an mnput volt-
age applied from an mput terminal 1s a first voltage higher
than a threshold voltage of the transistor, the driving circuit
turning from on when the input voltage 1s a second voltage
lower than the threshold voltage of the transistor.
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Further, according to another aspect of the invention, there
1s provided a switching circuit including, a semiconductor
integrated-device comprising, a semiconductor substrate, a
semiconductor switching circuit formed on the semiconduc-
tor substrate, the semiconductor switching circuit including, a
transistor, a first electrode of the transistor being connected to
a electrical source via a load, a second electrode of the tran-
sistor being connected to a standard potential, a driving cir-
cuit outputting a signal to a control electrode of the transistor
on a basis of a potential in the first electrode of the transistor
so as to turn on and off the transistor, the driving circuit
turning on when an input voltage applied from input terminal
1s a first voltage higher than a threshold voltage of the tran-
sistor, the driving circuit turning off when the input voltage 1s
a second voltage lower than the threshold voltage of the
transistor, and a bonding pad being connected to an mput-
terminal and an output-terminal of the semiconductor switch-
ing circuit, the bonding pad supplying an input received from
an outer portion as an mput voltage to the switching circuat,
the bonding pad supplying an output voltage from the semi-
conductor switching circuit to the outer portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a circuit diagram showing a switching circuit in a
first embodiment of the present invention;

FIGS. 2A and 2B show input-output characteristic dia-
grams ol the switching circuit, respectively, i the first
embodiment of the present invention;

FIG. 3 1s a circuit diagram showing a switching circuit in a
first modification of the first embodiment of the present
invention;

FIG. 4 1s a circuit diagram showing a switching circuit in a
second modification of the first embodiment of the present
invention;

FIG. 5 1s a circuit diagram showing a semiconductor inte-
grated device including the switching circuit as shown 1n FIG.

4 1n the second modification of the first embodiment of the
present invention;

FIG. 6 1s a circuit diagram showing a switching circuit in a
second embodiment of the present invention;

FIG. 7 1s a circuit diagram showing a switching circuit in a
third modification of the first embodiment of the present
invention;

FIGS. 8A and 8B show input-output characteristic dia-
grams of the switching circuit, respectively, 1in the third modi-
fication of the first embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present mvention will be described
below 1n detail with reference to the attached drawings. It
should be noted that the present invention 1s not restricted to
the embodiments but covers their equivalents. Throughout
the attached drawings, similar or same reference numerals
show similar, equivalent or same components.

First Embodiment

First, a switching circuit according to a first embodiment of
the present invention will be described below 1n detail with
reference to FIG. 1 and FIG. 2. FIG. 1 15 a circuit diagram
showing a switching circuit in the first embodiment of the
present mnvention. FIGS. 2A and 2B show 1nput-output char-
acteristic diagrams of the switching circuit i1n the first
embodiment of the present invention.
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As shown 1n FIG. 1, a switching circuit 10 1n this embodi-
ment includes an npn-bipolar transistor being called as the
transistor 12 herealiter and a driving circuit 13. The transistor
12 has a collector (first electrode) being connected to an
clectrical source Vcc via a constant current source (load) 11
and an emitter (second electrode) being connected to a stan-
dard potential GND. The driving circuit 13 turns on the tran-
sistor 12 at a first input voltage V1 higher than a threshold
voltage Vth of the transistor 12 and turns oif the transistor 12
at a second input voltage V2 lower than the threshold voltage
Vth of the transistor 12.

The driving circuit 13 includes a first resistor R1, a second
resistor R2, a third resistor R3, a first n-channel MOS tran-
sistor M1 being called the first transistor M1 hereatter, and a
second p-channel MOS transistor M2 being called the second
transistor M2 hereafter. The first resistor R1 1s connected
between an input terminal 14 and a base (control electrode) of
the transistor 12. The drain as the first electrode of the first
transistor M1 1s connected to the base of the transistor 12 via
the second resistor R2, the source as the second electrode of
the first transistor M1 1s connected to the standard potential
GND, and a gate as a control electrode of the first transistor
M1 1s connected to the collector of the transistor 12. A drain
as the first electrode of the second transistor M2 1s connected
to the base of the transistor 12 via the third resistor R3, a
source as the second electrode of the second transistor M2 1s
connected to the electrical source Vcc, and a gate as a control
clectrode of the second transistor M2 1s connected to the
collector of the transistor 12.

Further, the switching circuit 10 provides a switching out-
put Vout, which 1s output from an output terminal 16 to an
outer portion, via an mverter 15 being connected to the col-
lector of the transistor 12 as a buifer.

As the collector of the transistor 12 becomes H-level being
up to Vce when the transistor 12 turns off, the first transistor
M1 turns on and the second transistor M2 turns off.

Accordingly, the second resistor R2 1s connected to the
standard potential GND. On the other hand, the third resistor
R3 1s cut off from the electrical source Vcc to become a
floating-state.

As the collector of the transistor 12 becomes L-level being
down from the H-level when the transistor 12 turns on, the
first transistor M1 turns oif and the second transistor M2 turns
on.

Accordingly, the second resistor R2 1s cut off from the
standard potential GND and further becomes floating-state.
On the other hand, the third resistor R3 1s connected to the
clectrical source Vcc.

Next, FIGS. 2A and 2B show input-output characteristic
diagrams of the switching circuit, respectively, 1n the {first
embodiment of the present invention. FIG. 2A shows a rela-
tionship between an input voltage Vin and the base voltage of
the transistor 12 and FIG. 2B shows a relationship between
the input voltage Vin and on-oil operations of the transistor
12.

As shown in FIGS. 2A, 2B, the switching circuit 10
includes hysteresis characteristics corresponding to the input
voltage Vin being provided into the mput terminal 14. The
hysteresis characteristics show that the transistor 12 turns on
at the first input voltage V1 higher than the threshold voltage
Vth of the transistor 12 and turns off at the second input
voltage V2 lower than the threshold voltage of the transistor
12.

When the mput voltage Vin 1s equal to zero and the tran-
sistor 12 1s the off-state, the collector voltage of the first
transistor 12 1s H-level being up to Vcc. Therefore, the first
transistor M1 turns on and the second transistor M2 turns off.
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According to the action mentioned above, the second resis-
tor R2 1s electrically connected to the first resistor R1, on the
other hand, the third resistor R3 1s electrically disconnected
from the first resistor R1.

As a result, a voltage of VinxR2/(R1+R2) 1s applied to the
base of the transistor 12, where Vin 1s the mput voltage Vin,
R1 1s the first resistance, and R2 1s the second resistance.

Consequently, the transistor 12 retains the off-state 1 a
case of the mput voltage Vin being increased and being over
the threshold voltage Vth.

When the input voltage Vin 1s further increased and reaches
up to the first mput voltage V1, where the base voltage of
transistor 12 1s equal to the threshold voltage Vth, namely
V1xR2/(R1+R2) 1s equal to Vth, and the first transistor 12
turns on and the collector voltage becomes L-level. As a
result, the first transistor M1 turns off and the second transis-
tor M2 turns on.

According to the action mentioned above, the second resis-
tor R2 1s electrically disconnected from the first resistor R1,
on the other hand, the third resistor R3 is electrically con-
nected to the first resistor R1. A voltage being difference
between the electrical source voltage Vcec and the voltage
drop of the third resistor R3, namely Vce—-(Vee-Vin)xR3/
(R1+R3) 1s applied to the base of the transistor 12.

Consequently, the base voltage of the transistor 12 perpen-
dicularly rises up to be applied a positive feedback. There-
fore, the transistor 12 turns completely on to be stable.

Accordingly, when the input voltage Vin 1s decreased to be
lower than the threshold voltage Vth of the transistor 12
retains the on-state.

When the input voltage Vin 1s further decreased and
reaches to the second put voltage V2, where the base volt-
age of the transistor 12 is equal to the threshold voltage Vith,
namely Vcee—(Vee—=V2)xR3/(R1+R3) 1s equal to Vth, the first
transistor 12 turns oif and the collector voltage becomes
H-level Vcc. As a result, the first transistor M1 turns on and
the second transistor M2 turns off.

According to the action mentioned above, the second resis-
tor R2 1s electrically connected to the first resistor R1, on the
other hand, the third resistor R3 1s electrically disconnected
from the first resistor R1.

As a result, the base voltage of the transistor 12 perpen-
dicularly drops down to be applied a positive feedback.
Theretore, the transistor 12 turns completely off to be stable.

The switching circuit 10 can obtain the hysteresis charac-
teristic 1n which the transistor 12 turns on at the first input
voltage V1 higher than the threshold voltage Vth of the tran-
sistor 12 and turns off at the second mnput voltage V2 lower
than the threshold voltage of the transistor 12.

The first input voltage V1 turning on the transistor 12 and
the second 1nput voltage V2 turning oif the transistor 12 are
represented by following formulas, where the second resistor
R2 and the third resistor R3 includes on-resistances of the first
transistor M1 and the second transistor M2, respectively.

V1=Vih(1+R1/R2) (1)

V2=Vih—(Vee-Vil)R1/R3 (2)

For example, as the threshold voltage Vth of the transistor

12 1s 0.7V, the first mnput voltage V1 is approximately 1.4V
being higher than the threshold voltage Vth when R1 1s equal

to R2. On the other hand, the second input voltage V2 1s
approximately 0.47V being lower than the threshold voltage
Vth when Vcc 1s equal to 3V and a resistance ratio R3/R1 1s
equal to ten.

As mentioned above, as the switching circuit 10 in this
embodiment includes the driving circuit 13 having the first
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resistor R1, the second resistor and the third R3, respectively,
and the first transistor M1 and the second transistor M2 com-
plimentary turning on and off, respectively, the switching
circuit 10 can obtain the hysteresis characteristic in which the
transistor 12 turns on at the first input voltage V1 higher than >
the threshold voltage Vth of the transistor 12 and turns off at
the second 1nput voltage V2 lower than the threshold voltage
of the transistor 12.

Consequently, even when the electrical source voltage Vcc
1s lowered, the voltage difference between the first mput
voltage V1 and the second input voltage V2 1s fully retained.
Theretfore, when the input voltage 1s instantaneously lowered
by noise or the like, transistor 12 turns off to prevent the
switching circuit 10 from malfunctioning. As a result, the 5
switching circuit 10 having stable switching characteristics
can be obtained.

10

Here, 1t 1s explained on the load 11 being a constant current
source as an active load 1n the first embodiment. However, the
present invention i1s not restricted in the above case. For
example, the load 11 may be a resistor load. FIG. 3 1s a circuit
diagram showing a switching circuit 1n a first modification of
the first embodiment of the present invention. As shown in
FIG. 3, a switching circuit 30 has a resistor 31 as the load of
the transistor 12. The switching circuit 30 has an advantage to
be constituted with a fewer elements as comparing with the
case of the first embodiment using the load 11.

20

25

Furthermore, 1t 1s explained on the transistor 12 being the
npn bipolar transistor 1n the first embodiment. However, the 30
present invention i1s not restricted in the above case. For
example, the transistor 12 may be an n-channel MOS transis-
tor. FIG. 4 1s a circuit diagram showing a switching circuit in
a second modification of the first embodiment of the present
invention. As shown in FIG. 4, a switching circuit 40 includes 3>
an n-channel MOS transistor 42 being connected to the elec-
trical source Vcc via aresistor 41. As transistors in the switch-
ing circuit 40 are all MOS transistors, an advantage 1n this
structure 1s that the switching circuit 40 being monolithically
integrated on a same chip can be easily formed.

40

FIG. § 1s a circuit diagram showing a semiconductor inte-
grated device including the switching circuit as shown 1n FIG.
4 1n the second modification of the first embodiment of the
present invention. As shown in FIG. 5 as the second modifi- 45
cation of the first embodiment, the switching circuit 40 hav-
ing the n-channel MOS transistor 42 and the driving circuit 13
1s monolithically integrated on a same chip in a semiconduc-
tor integrated-device 50. The n-channel MOS transistor 42 1s
connected to the electrical source Vcc via the resistor 41 and 50
the driving circuit 13 includes the first resistor R1, the second
resistor R2, the third resistor R3, and the first transistor M1
and the second transistor M2 turning complimentary on and
off, respectively. The first transistor M1, the second transistor
M2 and the MOS transistor 42 can be formed, for example, by
a well-known CMOS process.

Furthermore, bonding-pads 52a-524d are formed on the
semiconductor chip to being provided with the input voltage
Vin from an outer portion and providing with a switching
output Vout to outer region.

55

60

Moreover, the MOS transistor 42 may be the bipolar tran-
sistor 12 1n the semiconductor integrated-device 50.

It 1s explained the case that the first transistor M1 and the
second transistor M2 are MOS transistors. However, the first 65
transistor M1 and the second transistor M2 may be a switch-
ing element, respectively, for example, the bipolar transistor

6

or a transmission gate having an n-MOS transistor and a
p-MOS transistor being symmetrically connected each other.

Second Embodiment

Next, a switching circuit according to a second embodi-
ment of the present invention will be described below 1n detail
with reference to FIG. 6 being a circuit diagram showing a
switching circuit.

In FIG. 6, a portion of a same composition as the first
embodiment 1s attached the same number. Therefore, expla-
nation on the same number in FIG. 6 of the second embodi-
ment 1s omitted.

A difference point between the second embodiment and
the first embodiment 1s to be unified the second resistor and
the third resistor in the second embodiment.

As shown 1n FIG. 6, a driving circuit 61 of a switching
circuit 60 1n this embodiment includes the first transistor M1
and the second transistor M2. The drain of the first transistor
M1 1s connected to the base of the transistor 12 via the fourth
resistor R4 and the drain of the second transistor M2 1s con-
nected to the base of the transistor 12 via the fourth resistor
R4.

According to the structure mentioned above, the fourth
resistor R4 1s electrically connected to the standard potential
GND when the first transistor M1 turns on and the second
transistor M2 turns off, so that the fourth resistor R4 can act as
the same as the second resistor R2. On the other hand, the
fourth resistor R4 1s electrically connected to the electrical
source Vcc when the first transistor M1 turns off and the
second transistor M2 turns on, so that the fourth resistor R4
can act as the same as the third resistor R3.

As a result, the first input voltage V1 and the second 1nput
voltage V2 are represented by following formulas.

V1=Vih(1+R1/R4) (3)

12=Vih—(Vee-Vik)R1/RA4 (4)

For example, as the threshold voltage Vth of the transistor
12 15 0.7V, the first input voltage V1 is approximately 1.05V
being higher than the threshold voltage Vth when R4/R1 1s
equal to two. On the other hand, the second mput voltage V2
1s approximately 0.3V being lower than the threshold voltage
Vth when Vcc 1s equal to 1.5V,

As mentioned above, the driving circuit 61 of the switching
circuit 60 1n this embodiment includes the fourth resistor R4
having functions of the second resistor R2 and the third resis-
tor. As a result, an advantage of reducing a number of the
clement 1n the switching circuit 60 1s produced.

In the second embodiment, 1t 1s explained a transistor for
switching 1s the npn-bipolar transistor 12 or n-channel MOS
transistor 42, however, the present invention 1s not restricted
to the above case. The pnp-bipolar transistor or a p-channel
MOS transistor may be available.

For example, FIG. 7 1s a circuit diagram showing a switch-
ing circuit 1 a third modification of the first embodiment of
the present invention. FIG. 7 1s a case that the transistor for
switching 1s the pnp-bipolar transistor. FIGS. 8A and 8B
show input-output characteristic diagrams of the switching
circuit 1n the third modification of the first embodiment of the
present invention.

As shown i FIG. 7, a switching circuit 70 includes a
pnp-bipolar transistor 71 being called the transistor 71 here-
after. A collector as the first electrode of the transistor 71 1s
connected to the standard potential GND wvia the constant
current source (load) 11 and an emitter as the second elec-
trode 1s connected to the electrical source Vcc.
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As shown 1n FIGS. 8A, 8B, the switching circuit 70 can
obtain the hysteresis characteristics corresponding to the
input voltage Vin being provided. In the hysteresis character-

1stics, the transistor 71 turns off at the first input voltage V1
higher than the threshold voltage Vth of the transistor 71 and

turns on at the second input voltage V2 lower than the thresh-
old voltage of the transistor 71.

As aresult, the first input voltage V1 at which the transistor
71 turns off and the second input voltage V2 at which the

transistor 71 turns on are represented by following formulas.

(3)

V1=(Vce-Vih)(1+R1/R2)

V2=Vce—(1+R1/R3)Vik (6)

What 1s claimed 1s:

1. A semiconductor switching circuit with hysteresis com-

prising;

a transistor, a first electrode of the transistor being con-
nected to an electrical source via a load, a second elec-
trode of the transistor being connected to a standard
potential; and

a driving circuit outputting a signal to a control electrode of
the transistor on a basis of a potential 1n the first elec-
trode of the transistor so as to turn on and off the tran-
sistor, the driving circuit turning on when an mput volt-
age applied from an input terminal 1s a first voltage
higher than a threshold voltage of the transistor, the
driving circuit turning oif when the mnput voltage 1s a
second voltage lower than the threshold voltage of the
transistor, wherein

the driving circuit includes a first resistor, a second resistor,
a third resistor, a first transistor and a second transistor,
the first resistor being connected between the mput ter-
minal and the control electrode of the transistor, a first
clectrode of the first transistor being connected to the
control electrode of the transistor via the second resistor,
a second electrode of the first transistor being connected
to the standard potential, a control electrode of the first
transistor being connected to the first electrode of the
transistor, the second transistor having an opposite con-
ductive type to the first transistor, a first electrode of the
second transistor being connected to the control elec-
trode of the transistor via the third resistor, a second
clectrode of the second transistor being connected to the
electrical source, a control electrode of the second tran-
sistor being connected to the first electrode of the tran-
s1stor.

2. The semiconductor switching circuit with hysteresis

according to the claim 1, further comprising:

a fourth resistor being included 1n the driving circuit, the
fourth resistor, the first electrode of the first transistor
being connected to the control electrode of the transistor
via the fourth resistor, the first electrode of the second
transistor being connected to the control electrode of the
transistor via the fourth resistor.

3. The semiconductor switching circuit with hysteresis

according to the claim 1, wherein

the transistor 1s a MOS transistor or a bipolar transistor.

4. The semiconductor switching circuit with hysteresis
according to the claim 1, wherein

a hysteresis characteristic corresponds to the input voltage
of the drniving circuit, the transistor turns off when the
input voltage turns oiff, the transistor turns on when the
input voltage 1s increased up to the first voltage and the
transistor turns oif when the input voltage 1s decreased
down to the second voltage.
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5. The semiconductor switching circuit with hysteresis

according to the claim 1, wherein

the load 1s a constant current electrical source or a resistor.

6. The semiconductor switching circuit with hysteresis

according to the claim 1, further comprising;

an iverter being located between the first electrode and the
output terminal.

7. A semiconductor switching circuit with hysteresis com-

prising;

a transistor, a first electrode of the transistor being con-
nected to a standard potential via a load, a second elec-
trode of the transistor being connected to an electrical
source; and

a driving circuit outputting a signal to a control electrode of
the transistor on a basis of a potential in the first elec-
trode of the transistor so as to turn on and oil the tran-
sistor, the driving circuit turming oif when an 1input volt-
age applied from an input terminal 1s a first voltage
higher than a threshold voltage of the transistor, the
driving circuit turning on when the iput voltage 1s a
second voltage lower than the threshold voltage of the
transistor, wherein

the driving circuit includes a first resistor, a second resistor,
a third resistor, a first transistor and a second transistor,
the first resistor being connected between the mput ter-
minal and the control electrode of the transistor, a first
clectrode of the first transistor being connected to the
control electrode of the transistor via the second resistor,
a second electrode of the first transistor being connected
to the standard potential, a control electrode of the first
transistor being connected to the first electrode of the
transistor, the second transistor having an opposite con-
ductive type to the first transistor, a first electrode of the
second transistor being connected to the control elec-
trode of the transistor via the third resistor, a second
clectrode of the second transistor being connected to the
electrical source, a control electrode of the second tran-
sistor being connected to the first electrode of the tran-
s1stor.

8. The semiconductor switching circuit with hysteresis

according to the claim 7, further comprising:

a fourth resistor being included 1n the driving circuit, the
fourth resistor, the first electrode of the first transistor
being connected to the control electrode of the transistor
via the fourth resistor, the first electrode of the second
transistor being connected to the control electrode of the
transistor via the fourth resistor.

9. The semiconductor switching circuit with hysteresis

according to the claim 7, wherein

the transistor 1s a MOS transistor or a bipolar transistor.

10. The semiconductor switching circuit with hysteresis

according to the claim 7, wherein

a hysteresis characteristic corresponds to the input voltage
of the driving circuit, the transistor turns on when the
input voltage turns off, the transistor turns off when the
input voltage 1s increased up to the first voltage and the
transistor turns on when the mput voltage 1s decreased
down to the second voltage.

11. The semiconductor switching circuit with hysteresis

according to the claim 7, wherein

the load 1s a constant current electrical source or a resistor.

12. The semiconductor switching circuit with hysteresis

according to the claim 7, further comprising;

an iverter being located between the first electrode and the
output terminal.

13. A semiconductor integrated-device comprising;

a semiconductor substrate;
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a semiconductor switching circuit with hysteresis formed

on the semiconductor substrate, the semiconductor
switching circuit including, a transistor, a first electrode
of the transistor being connected to a electrical source
via a load, a second electrode of the transistor being
connected to a standard potential, a driving circuit out-
putting a signal to a control electrode of the transistor on
a basis of a potential 1n the first electrode ol the transistor
so as to turn on and off the transistor, the driving circuit

10

transistor being connected to the first electrode of the
transistor, the second transistor having an opposite con-
ductive type to the first transistor, a first electrode of the
second transistor being connected to the control elec-
trode of the transistor via the third resistor, a second
clectrode of the second transistor being connected to the
electrical source, a control electrode of the second tran-
sistor being connected to the first electrode of the tran-
s1stor.

14. The semiconductor mtegrated-device according to the
claim 13, further comprising:
a fourth resistor being included 1n the driving circuit, the

turning on when an 1nput voltage applied from input 10
terminal 1s a {irst voltage higher than a threshold voltage
of the transistor, the driving circuit turming oif when the

input voltage 1s a second voltage lower than the thresh-
old voltage of the transistor; and

a bonding pad being connected to an input-terminal and an

output-terminal of the semiconductor switching circuit,
the bonding pad supplying an input received from an

15

fourth resistor, the first electrode of the first transistor
being connected to the control electrode of the transistor
via the fourth resistor, the first electrode of the second
transistor being connected to the control electrode of the
transistor via the fourth resistor.

15. The semiconductor mtegrated-device according to the
claim 13, wherein

the transistor 1s a MOS transistor or a bipolar transistor.

16. The semiconductor mtegrated-device according to the
claim 13, wherein

outer portion as an input voltage to the switching circuit,
and the bonding pad supplying an output recerved from
the semiconductor switching circuit as an output voltage 20
to the outer portion, wherein

the driving circuit includes a first resistor, a second resistor,
a third resistor, a first transistor and a second transistor, the load 1s a constant current electrical source or a resistor.
the first resistor being connected between the mput ter- 17. The semiconductor mtegrated-device according to the
minal and the control electrode of the transistor, a first 25 claim 13, further comprising;
electrode of the first transistor being connected to the an mverter being located between the first electrode and the
control electrode of the transistor via the second resistor, output terminal.
a second electrode of the first transistor being connected
to the standard potential, a control electrode of the first S I T
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